I. INTRODUCTION
wavelength A1GaAs lasers with high aluminum content and long wavelength GaSb-based devices.
One way to eliminate the regrowth problem is to rely on evanescent coupling of the electromagnetic fields to a surface grating. This approach has been demonstrated by etching the grating directly over the waveguide and injecting the current from the side [ 1] or by etching the grating through the cap and upper cladding layer to provide the lateral index guiding tot the "ridge" and selective feedback [2] . Both of these techniques require a deep, uniform transfer of the grating into the upper cladding. An alternative approach is to etch the ridge first and then define the grating on either side of the ridge ( The difficulty with this structure lies in achieving sufficient interaction of the evanescent field with the surface grating. Agrawal and Dutta have shown that the threshold of a ridge DFB increases by a factor of 20 or more when the gratings under the ridge are removed [6] . In this letter the CW lasing characteristics of a laterally-coupled distributed feedback (LC-DFB) ridge laser using a single growth step are presented.
II. FABRICATION
The fabrication of LC-DFB lasers is very similar to that of standard ridge lasers. Photolithography was used to define 2 /tm-wide photoresist stripes on an MBE grown In-GaAs-GaAs-A1GaAs graded index separate confinement heterostructure (GRINSCH). Chemically assisted ion beam etch-ing (CAIBE) using chlorine gas in conjunction with an argon ion beam was used to etch the ridges to within 0.1 ltm of the GRINSCH. The two dimensional overlap of the electric field with the grating--and hence the coupling coefficient,^:--is critically dependent on the ridge etch depth and width [7] .
Etching the ridge too deep results in strong index guiding of the field and reduces the lateral 0/-direction) fill factor of the grating. Too shallow of a ridge depth reduces the transverse (:+;-direction) overlap of the field with the grating. A narrow ridge was used to increase the lateral overlap of the electric field with the grating.
After etching the ridge, PMMA was applied to the wafer and a first order grating was exposed ( Fig. 2) were deposited on both facets of the DFB devices to suppress Fabry-Perot modes.
III. MEASUREMENTS AND ANALYSIS
Laterally-coupled DFB lasers with cavity lengths of 1.0 and 1.5 mm had as-cleaved CW threshold currents of 10-15 mA which increased to 18-25 mA when AR coated. Power-current (P-I) characteristics of a 1.0 mm cavity length LC-DFB laser with AR coatings are shown in Fig. 3 . The threshold current and external slope efficiency are 25 mA and 0.48 mW/mA per facet. LC-DFB devices with cavity lengths of 250 llm to 500 itm had CW threshold currents of 8-10 mA with ascleaved facets. When AR coated, however, threshold currents increased to 35-80 mA indicating insufficient grating feedback (i.e. weak coupling) for these cavity lengths.
The inset of Fig. 3 Fig. 4 for the case of 0'7, and 2'_ facet reflectivity.
The perfect AR case is calculated using the theory of Kogelnik and Shank [101. It becomes more difficult to determine the coupling when the residual facet reflectivity is taken into account because the phase of the grating at the front and rear facets is unknown. For the 2'Z, case, the phases of the grating at the front and rear facets were each varied from 0 to 15 7r/_ in rr/8 steps. The nommlized threshold gain (¢_L) and frequency deviation from the Bragg condition (bL) of the 5 mtxles nearest the Bragg wavelength were calculated l I 1 ] for each of the 256 phase combinations for t,:L values ranging from 0.2 to 1.0.
The minimum and maximum normalized stop-band width were extracted for each ,;L value. Fig. 4 shows that for a given value residual facet reflectivity of the anti-reflection coating used on the LC-DFB lasers prevented an exact measurement of ,_ from the stop-band but taking into account the random phase of the grating at the facets, a minimum coupling coefficient of 5.8 cm -t was determined from the subthreshold spectra.
We have demonstrated that a laterally-coupled DFB laser has potential as a stable, single-mode device with power levels suitable for many applications. This technique could be used to fabricate DFB lasers in material systems for which regrowth is prohibitive--such as high AI concentration (short wavelength and visible lasers) and GaSb (long wavelength) based devices.
